This work aimed to characterize physically and physiologically buffelgrass seeds collected in different municipalities located in the semiarid region of Bahia and at different positions in the panicle. At each site, two hundred mature, whole panicles were collected when seeds were naturally falling. A 5 × 3 factorial in a completely randomized design was used. Factors were five municipalities where seeds were collected and three positions within the panicle (bottom, middle and top portions), with four replicates of 50 seeds for each treatment. Moisture content, dry seed weight, electrical conductivity, germination percentage, germination speed index and emergence speed index were assessed. Data were tested by analysis of variance and Tukey test at 5% of significance level. Soil and climate conditions of each region affect the physiological quality of buffelgrass seeds. Seeds located in bottom and middle portions of the panicle are more vigorous than seeds located in the top portion. The municipality of Poções has better conditions for yielding buffelgrass seeds of better quality than the remaining municipalities.
Introduction
Buffelgrass (Cenchrus ciliares L.), a forage perennial grass belonging to the Poaceae family, is native to Africa and is widely grown across warm climates worldwide owing to its easy establishment, high nutritional value, and tolerance for drought, contributing to the reduction of nutritional deficiencies in livestock. Furthermore, its root system greatly deepens into the soil, being able to withstand heavy grazing and responds quickly to soil moisture (Miller, Friedel, Adam, & Chewings, 2010; Voltolini, Moraes, Araújo, & Pereira, 2011; Marshall, Lewis, & Ostendorf, 2012; Lyons, Maldonado-Leal, & Owen, 2013; Burson, Renganayaki, Dowling, Hinze, & Jessup, 2015) . Buffelgrass is generally used as a pastoral species and more recently for mine site rehabilitation and erosion control (Tefera et al., 2010; Guevara et al., 2009; Bhattarai, Fox, & Gyasi-Agyei, 2008; Praveen et al., 2005; Harwood et al., 1999; Walker & Weston, 1990 ).
The species was introduced to Brazil in São Paulo state, then, it was brought to northeastern states, where the semiarid climate predominates. There, it proved to be relevant due to its resistance to drought (Moreira, Lira, Santos, Araújo, & Silva, 2007) . Livestock farming is economically and socially important for the Brazilian semiarid, despite the fact that food availability to animals is limiting in this region, particularly in the dry season. Its native vegetation, Caatinga, is the main food source to livestock (Santos et al., 2011) , in which buffelgrass stands out as the main forage grass cultivated in important ruminant-raising regions in the Brazilian semiarid (Oliveira et al., 2016 ).
This grass is suited to grow in disturbed areas, showing rapid growth and maturation, prolonged flowering and prolific seeding (Martin et al., 2015) . Bufellgrass seeds have mechanisms of adaptation to adverse climatic conditions of semiarid regions, especially to low and irregular rainfall. This species, as well as most tropical forage grasses, does not exhibit its full genetic and physiological potential because of intrinsic factors such as seed dormancy.
Buffelgrass is also one of the few forage species that is apomictic, that is, it can produce clones from seed, a trait that offers huge potential for the development and distribution of cultivars specifically suited to pastoral grazing (Akiyama et al., 2005; Ozias-Akins & Van Dik, 2007) . According to Whiteman and Mendra (1982) , dormancy of tropical forage grasses is associated with physiological processes within freshly-harvested seeds, which is progressively suppressed during storage; or with physical features that are likely related to an outer cover restricting oxygen uptake by seeds.
Moreover, germination potential and vigor are influenced by the chemical compositions of the seed, which might be affected by the position of the seed within the inflorescence. The association between the onset of blooming, pollination season and prevailing climatic conditions during flower maturation has a direct impact on the uniformity of the process and on the chemical composition of the seed (Marcos Filho, 2005) . Alves and Kist (2011) investigated the quality of oat seeds as function of their positions within the panicle and reported a direct effect on seed quality, mainly when associated with seed weight, germination and vigor. Primary seeds, which are those located on primary branches of the panicle, exhibit higher physiological quality than secondary and tertiary seeds located on secondary and tertiary branches, respectively. Seed position also affects physiological quality of seeds of other species, as observed in maize plants (Mondo & Cícero, 2005) .
There are various parameters that are used to define seed quality. These include genetic, analytical purity, physiological, and pathological qualities (Scott & Hampton, 1985) . This components affect seeds' capacity of generating high-yielding plants. These seed properties have a direct impact on population uniformity, on seed-borne pests and diseases, and on vigor of plants (Popinigis, 1985) .
Studies on germination and differentiation of physiological quality of buffelgrass seeds positioned at different locations of the panicle are lacking; therefore, this work aimed to carry out physical and physiological characterizations of buffelgrass seeds from different positions within the panicle of plants from the semiarid region of Bahia state, Brazil.
Method
Seeds were collected in February 2016 in rural properties of five municipalities in state of Bahia, Brazil: Anagé, 14°46′03″ S, 41°02′52″ W; Cordeiros, 14°46′03″ S, 41°02′52″ W; Ituaçu, 13°48′09″ S, 41°17′58″ W; Poções, 14°26′03″ S, 40°21′10″ W; and Tanhaçu, 14°09′42″ S, 41°12′11″ W.
After collecting the seeds, they were taken to the Laboratory of Seed Technology and Production at the State University of Southeastern Bahia, campus Vitória da Conquista-Bahia, to test their physical and physiological quality.
A completely randomized design was used, in a 5 × 3 factorial experiment (five municipalities and three positions within the panicle; bottom, middle and top portions), with four replicates.
Two hundred mature, whole panicles were collected when grains were starting to naturally fall; then, seeds were sorted and separated according to their positions within the panicle (bottom, middle or top) at harvest.
Physical and physiological qualities of seeds were determined by the following tests:
Moisture content of seeds at harvest (MC): four subsamples containing 50 seeds in each replicate were dried in an oven at 105±3 ºC over 24 hours, following the Rules of Seed Analysis (Brasil, 2009 ).
Dry seed weight (DSW): this test was conducted jointly with the moisture content test using the dry weight obtained at the end of it. Dry weight was divided by the number of seeds tested for moisture content and the results were expressed in grams.
Electrical conductivity test (EC): this test was carried out in accordance with the method proposed by AOSA (1983) and described by Marcos Filho and Vieira (2009) , with 50 seeds in each replicate. Seeds were weighed and placed into 200-mL plastic cups containing 75 mL of distilled water (Hamptom & Tekrony, 1995) , then, they were kept in a growth chamber for 24 hours at 25 °C (Loeffler, Tekrony, & Egli, 1988) . After this period, the electrical conductivity of the imbibition medium was read with the aid of an electrical conductivity meter (model Digimed) and the results were expressed as µS cm -1 g -1 of seeds (Krzyzanowski, Vieira, & França Neto, 1999) .
Germination rate or percentage (G): germination tests were conducted without applying any treatment to overcome the physiological dormancy of seeds. Four replicates of 50 seeds each were used in each treatment. Germination test paper was soaked in distilled water equivalent to 2.5 times the weight of the dry substrate. Seeds were evenly distributed onto two sheets of paper inside gearbox-type boxes. Afterwards, boxes were covered with 0.0033-mm-thick plastic bags, which were closed to avoid dehydration and placed horizontally in a , 28 th day after the beginning of the germination test, and GSI was calculated according to the formula described by Maguire (1962) .
where, GSI = germination speed index; E1, E2, … En = number of normal seedlings at the first, second and last count, respectively; N1, N2, … Nn = number of days to first, second and last count, respectively.
Seeds were considered germinated when the primary root was emerged and the length of seedlings were equal to or longer than 2 cm.
Emergence speed index (ESI): this test was carried out in a greenhouse with four subsamples of 50 seeds for each treatment. Metallic trays measuring 24 × 17 × 6 cm were used, to which washed sand was added as a substrate. Seeds were distributed on it and covered up by the same substrate. Substrate was watered whenever necessary using the same amount of water for every experimental unit. The test was done when the emergence of seedlings stabilized. Counting was standardized by considering the seedling as emerged when the primary leaves above ground surface were 1 cm long. Counts took place from the emergence of the first seedling. At the end of the test, ESI was calculated using the formula proposed by Maguire (1962) .
where, ESI = emergence speed index; E1, E2, … En = number of normal seedlings at the first, second and last count, respectively; N1, N2, … Nn = number of days to first, second and last count, respectively.
Results were tested for normality by Lilliefors test and Cochran's c test. As for emergence speed index and seed dry weight tests, data were converted into √x, so they would be considered normal. After, data were tested by analysis of variance and means were compared to one another by Tukey test at 5% of significance level using the statistical software ASSISTAT, version 7.7 (Silva, 2016) .
Results and Discussion
There were statistical differences across treatments for all measured variables. Between factors, interactions were significant for moisture content, dry weight and electrical conductivity of seeds (Table 1) . Note. Means followed by the same lowercase letter in the columns and uppercase letters in the rows do not differ statistically from one another by Tukey test at 5% of significance level.
When measuring moisture content of seeds at different positions in the panicle, it was verified that seeds from the top portion of the panicle harvested in Ituaçu were similar to seeds harvested in Cordeiros and higher than those from the remaining municipalities. Seeds collected in Anagé had higher moisture content in comparison with seeds collected in Poções and Tanhaçu (Table 2) . Seed moisture content is directly related to its physiological quality since it interferes with storage and commercialization, with germination and, consequently, with seed vigor.
As for seeds from the middle portion of the panicle, the highest seed moisture contents were observed in those from Cordeiros, Ituaçu and Anagé in relation to those collected in Tanhaçu ( Table 2) . As for seeds harvested at the bottom portion of the panicle, it was observed that seeds from Ituaçu and Anagé had higher moisture contents than those from the remaining municipalities. Seeds from Poções and Tanhaçu had lower moisture content (Table  2) . This difference in moisture contents might be due to how and how long the pasture had been used, and to soil nutrition, texture and structure, which all interfere with the plant's nutritional status. Moreover, climatic elements such as temperature and rainfall, as well as genetic variability of seeds from each collecting site, had also an influence on it.
When evaluating seed dry weight, interactions show that bottom seeds had higher means regardless of the municipality where they were harvested. Top seeds had lower means than the remaining seed positions in the panicle (Table 3) . Top seeds from Anagé and Poções stood out from those harvested in Cordeiros and Ituaçu. Note. Data converted into √x; means without conversion are between parenthesis.
Means followed by the same lowercase letter in the columns and uppercase letter in the rows do not differ from one another by Tukey test at 5% of significance level.
Seeds at the middle portion of the panicle collected in Anagé had the same weight than those collected in Poções and were heavier than those from the remaining municipalities. The lightest seeds were collected in Cordeiros.
As for bottom seeds, those from Anagé and Poções were the heaviest and those collected in Cordeiros and Tanhaçu, the lightest. According to Carvalho and Nakagawa (2000) , this characteristic has been considered the main physiological maturity index in orthodox seeds as the maximum accumulation of biomass is reported at the point of seed maturation. Mohammed and Tarpley (2011) affirmed that there is competition for photoassimilates among seeds located at different positions in the inflorescence, which explains the results reported herein.
Electrical conductivity of bottom seeds collected in Cordeiro and Poções exhibited higher membrane integrity (Table 4) . In Ituaçu, bottom seeds had higher integrity than seeds at the top of the panicle. In Anagé, higher integrity was observed in bottom seeds while lower integrity in top seeds. At last, in Tanhaçu, seeds at the middle portion of the panicle exhibited lower electrical conductivity and, therefore, they had higher membrane integrity. Note. Means followed by the same letter, lowercase in the columns and uppercase in the rows, do not differ from one another by Tukey test at 5% of significance.
Seeds collected from the top portion of the panicle of plants from Poções had the lowest electrical conductivity, i.e., lower electrolyte efflux out the seed, which indicates higher membrane integrity. Seeds collected from the middle portion of the panicle of plants from Cordeiros had the lowest membrane integrity. As for bottom seeds, those from Poções had the highest integrity and those from Tanhaçu, the least. Milošević et al. (2010) reported that the faster the seed can reestablish the integrity of cell membranes, the less electrolyte leaches from it; thus, seeds with higher electrical conductivity in the imbibition medium have more permeable membranes, which results in seed deterioration, that is, lower vigor.
Germination percentage of seeds from Poções was higher than those from the remaining municipalities. In regard to seed position within the panicle, seeds located in the middle and bottom portion germinated more than seeds in the top portion of the panicle (Table 5) . Santos et al. (2013) found higher germination rates than the ones reported herein when buffelgrass seeds were subjected to different temperatures, especially to 25 °C, which was the same temperature used in this work. This temperature is more efficient for seed germination, whose average ranges from 20% to 50%. Alves and Kist (2011) reported that oat seeds from primary branches had higher performance as to weight, germination and vigor than seeds from secondary and tertiary branches. Note. Means followed by the same letter in the column do not differ from one another by Tukey test at 5% of significance level. *For testing, data were converted into √x. Data without conversion are in parenthesis.
observed that some seeds did not germinate even after the removal of the protective structures, and gibberellin-treated seeds did not germinate either, suggesting that buffelgrass seeds are physiologically dormant. González-Rabanal, Casal, and Trabaud (1994) studied three Spanish grasses and found lower germination rates of seeds located at the apex of the panicles than those at the basal portion.
Seed bank longevity ranges from two to thirty years (Friedel et al., 2007) . However, Winkworth (1963) reported a decrease in germination from the eighth month after sowing and stored seeds showed a 94% increase in germination in the period from eight to eighteen months.
Seeds collected in Poções exhibited the highest germination speed index. Seeds in the top portion of panicles germinated the slowest (Table 5 ). This is probably because of the position of seeds within the panicle in relation to the amount of nutrients exported to them, i.e., the proximity of fertilized ovules to the nutrient source; thus, seeds located closer to the bottom of the panicle tend to absorb more nutrients than the remaining seeds in the panicle. Seed position can decrease the flow of reserves from one seed to another. Cherobini, Muniz and Blume (2008) observed that germination speed index of Cedrela fissilis Vell. was influenced by the seeds' origins, as verified in this study.
As for emergence speed index, Poções and Tanhaçu had similar averages, both of which were superior to the remaining municipalities. GSI test showed that bottom seeds emerged faster than top seeds, which is probably due to the competition for nutrients that affects both germination and emergence. Field-grown seedlings from seeds collected in Poções and Tanhaçu had equal average averages for emergence speed index (ESI) and were higher than the remaining municipalities (Table 5) .
Wang, Tan, C. C. Baskin, and J. M. Baskin (2010) found results similar to the results of this study for the emergency test of the specie Eremopyrum distans (K. Koch) Nevski. The authors observed that seeds from the top portion of the inflorescence obtained lower percentages of emergence in relation to seeds of the median and basal portion.
Conclusion
The findings of this study indicate that soil and climate conditions influence the physiological quality of buffelgrass seeds from the semiarid regions of Bahia state, Brazil. Seeds from the bottom and middle portions of the panicle are more vigorous than seeds from the top portion as to every assessed characteristic. The municipality of Poções has better conditions for yielding buffelgrass seeds of better quality than in the remaining municipalities.
